Alum treatment is a lake restoration technique that is used to address internal phosphorus (P) loading. We evaluated the macroinvertebrate density and P release rates from sediment cores in Spring Lake, Michigan, 5 yr after an alum treatment and compared the findings with conditions before and 1 yr after application. Total macroinvertebrate density recovered to the near pre-alum level after the decline that was measured in 2006. Community structure also shifted, with the dominant group changing from oligochaetes before alum treatment to chaoborids in 2010. Chironomid density in 2010 was similar to pre-alum density, but this represented a decline from an elevated density measured in 2006. Ceratopogonid density increased in 2010 compared with the prior samplings, but absolute densities were very low compared with other macroinvertebrate groups. Maximum P release rates from sediment cores in 2010 averaged from 1.68 to 2.81 mg P m -2 d -1 under anoxic conditions. These rates are an order of magnitude lower than before alum was applied, indicating the alum application was still effectively reducing P release rates from sediments in Spring Lake. However, the release rates have increased since 2006, suggesting that alum efficacy may be declining. The NaOH-extractable soluble reactive P fraction has increased since 2006, suggesting that the aluminum hydroxide floc is successfully binding P in the sediments. Despite the low release rates of P from the sediment, water column P and chlorophyll concentrations remain elevated in Spring Lake. This points to the continued need for reductions in external P loads to Spring Lake.
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Macroinvertebrate Response and Internal Phosphorus Loading in a Michigan Lake after Alum Treatment
Alan D. Steinman* and Mary E. Ogdahl H igh P levels are one of the major stressors affecting lakes in the United States (Smith et al., 2006; USEPA, 2010) . As a consequence, considerable effort and funding is being invested to reduce P loads to these systems. However, controlling the external P load in many of these lakes results in only modest reductions in water column P concentration. This is because watershed-based management practices do not directly address internal P loading, so P release from sediments can offset reduced external loads (Björk, 1985; Graneli, 1999; Steinman et al., 1999) .
Chemical inactivation using alum (e.g., aluminum sulfate) is one of the most common sediment management practices to control internal P loading (Cooke et al., 2005) because aluminumbound P is insensitive to redox conditions. There is a rich literature that examines the binding effectiveness of alum on sediment P (e.g., Welch and Schrieve, 1994; Welch and Cooke, 1999; deVicente et al., 2008; Steinman and Ogdahl, 2008; Egemose et al., 2010; Gibbs et al., 2010) and the physical and chemical characteristics of alum after application (Anderson and Berkowitz, 2010) .
Some studies have also examined the effects of alum on lake biota. The benthic invertebrate community is of particular interest because the alum floc settles directly on the sediment surface. However, the plankton and fish community also can be affected indirectly through improved water quality, including greater water transparency and increased dissolved oxygen (DO) concentrations (Lund et al., 2010) . As these communities respond, they can indirectly benefit benthic invertebrates via increased plankton food quantity and quality (Egemose et al., 2011) or disturb benthic invertebrates through increased predation (Lund et al., 2010) .
Alum's ability to chemically inactivate P, and hence to reduce internal P loading, has been shown to diminish with age (Welch and Cooke, 1995, 1999; Lewandowski et al., 2003; Berkowitz et al., 2006; Mehner et al., 2008) . Similarly, alum's effect on the biotic community may change over time; the alum floc can result in physical burial and smothering of benthos shortly after application (Steinman and Ogdahl, 2008; Doke et al., 1995) , but the benthos can recover as the floc is reworked into the sediment or focused to deeper parts of the lake (Smeltzer et al., 1999) . Relatively few studies have examined the short-and long-term impacts of alum application on a lake's P dynamics and benthic community using consistent methods and approaches.
